The effect of mismatched components on microwave noise-temperature calibrations by Otoshi, T. Y.
September 1969	 Brief 69-10333 
.
NASA TECH BRIEF 
NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program, 
to encourage their commercial application. Copies are available to the public at 15 cents each 
from the Clearinghouse for Federal Scientific and Technical Information-,Springfield, Virginia 2215 1., 
The Effect of Mismatched Components on

Microwave Noise-Temperature Calibrations 
fl
The analysis of errors on microwave noise—tem-
perature measurements has recently been given more 
attention due to increasing interest in the develop-
ment of very low-noise antenna receiving systems and 
in the absolute accuracies to which the noise tem-
peratures of these systems can be calibrated. Large-
aperture antenna receiving systems for deep-space 
communications are now being developed that have 
zenith operating noise temperatures approaching 16° 
K at S band. As operating noise temperatures con-
tinue to be lowered, it becomes increasingly difficult 
and expensive to make further system improvements. 
It is often the case where improvements, made on par-
ticular system components, cannot be evaluated prop-
erly because of relatively large uncertainties that 
usually accompany low noise—temperature calibra-
tions. 
For an antenna receiving system, the absolute cali-
brations of three principal noise temperatures are of 
interest. These noise temperatures, which shall be 
referred to as component temperatures, are 1) the 
antenna noise temperature defined at the system 
front end, 2) the noise temperature of the network 
that connects the antenna to the receiver, and 3) the 
effective input noise temperature of the receiver. Al-
though for operational purposes knowledge of the 
operating noise temperature is usually sufficient, it is 
often desirable that the operating noise temperature 
be separated into its component noise temperatures. 
A technique is presented for analyzing the effect of 
mismatched components on the absolute noise—tem-
perature calibrations of principal noise sources in a 
microwave receiving system. Scattering parameters 
are used to describe the properties of the microwave 
network that is connected between noise source and 
receiver. The calibration method discussed is the Y-
factor power-ratio measurement technique involving 
the use of two thermal noise reference standards. 
Calculations made for an operational low-noise an-
tenna receiving system indicate that, even when com-
ponents have reasonably low-voltage reflection co-
efficients (typically less than 0.05), peak errors due 
to mismatches could be as high as 70 percent and 
11 percent on measured antenna and effective input 
noise—temperature values, respectively. For the special 
case where the reflected and direct wave receiver noise 
sources are fully correlated, the peak errors can be 
even larger. 
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